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Description 

[0001] The present invention relates to new forms of 
interferon ct-receptors (IFN a-receptors), their prepara- 
tion, compositions containing them, and uses thereof in 
diagnosis and therapy. 

[0002] Interferons belong to the family of cytokines 
which are cell-secreted proteins that typically act on tar- 
get cells via specific plasma membrane receptors 
present on the surface of the target cells. A common 
feature of these receptors is the presence of an internal 
sequence of hydrophobic amino acids forming the trans- 
membranal(TM) domain, which anchors the receptor in 
the outer membrane of the cell (Bazan, J.F., Proc.Natl. 
Acad.Sci. USA 87 6934-6938 (1990)). A human type I 
IFN receptor, designated IFN a-receptor protein (IF- 
NAR) was characterized by cloning of its cDNA (Uze, 
G., and Grosser, I., Cell 60, 225-234(1990)). ThiscDNA 
encodes an IFNAR protein having a 21 amino acid-long 
hydrophobic transmembranal region, which separates 
an N-terminal extracellular (EC) domain of 436 amino 
acids, from a C-terminal intracellular (IC) domain of 100 
amino acids (see Fig. 1, scheme 1). It has been shown 
that the EC domain is involved in ligand binding (Benoit, 
P., et al., J.lmmunol. 150, 707-716 (1993); Novick, D., 
et al., FEBS letters 314, 445-448 (1992)). 
[0003] The existence of soluble non-membrane 
bound forms of receptors has been recognized (Fern- 
andez-Botran, R. t FASEB Journal 5, 2567-2574 
(1991)). Such receptors are often formed by a proteo- 
lytic cleavage which occurs between the extracellular 
domain and the transmembranal region, thereby result- 
ing in the shedding of a truncated receptor (Nophar, Y, 
etal., EMBO J.9. 3269-3278(1990); Mullberg, J., et al., 
Eur. J.lmmunol. 23, 473-480 (1993). Moreover, cells 
have also been found to synthesize other forms of cy- 
tokine receptors lacking the transmembranal and intra- 
cellular domains, which are, however, not as a result of 
proteolytic cleavage, but due to a differential processing 
of the receptor gene transcripts (Raines, M.A. et al., 
Proc. Natl.Acad.Sci.USA, 88, 8203-8207 (1991); Lust, 
J. A. et al. , Cytokine 4, 96-1 00 ( 1 992)). These non-trans- 
membranal or "soluble" forms are characterized by a 
novel amino acid sequence at the C-terminus, making 
them distinct proteins, with probably distinct functions. 
Heretofore, non-transmembranal or "soluble" IFN a-re- 
ceptors have not been described. 
[0004] WO-A-92/1 8626 discloses soluble forms of the 
IFN receptors lacking the transmembrane and cytoplas- 
mic domains. 

[0005] It has now been surprisingly and unexpectedly 
found, in accordance with the present invention, that 
non-membranal forms of the IFN a-receptor, produced 
by differential processing of the receptor gene tran- 
scripts, exist in cells. 

[0006] The present invention thus provides new IFN 
a-receptor proteins which have an amino acid sequence 
different from the IFN a-receptor cloned by Uze (supra). 



These receptors are recognized by monoclonal antibod- 
ies specific for the IFN a-receptor in non-membranal 
compartments of the cell. These soluble IFN receptors 
are likely to regulate the response of human cells to IF- 
5 Ns, either by competing with the cell membrane receptor 
for ligand binding, or else by carrying IFN-mediated 
functions within the cell. 

[0007] More specifically, the present invention pro- 
vides an isolated DNA sequence encoding a mammali- 
10 an, soluble, non-membrane bound form of an interferon 
a-receptor (IFNAR). 

[0008] The above IFNAR DNA sequence of the inven- 
tion encodes a polypeptide product of prokaryotic or eu- 
karyotic host expression having all or part of the primary 
15 structural conformation and the biological activity of 
mammalian soluble, non -membrane bound form of an 
IFNAR. 

[0009] The DNA sequence of the invention may be 
any one of the following: 

20 

a) cDNA clones having a nucleotide sequence de- 
rived from the coding region of a native mammalian 
IFNAR gene; 

b) DNA sequences capable of hybridization to 
25 clones of (a) under moderately stringent conditions 

and which encode biologically active, soluble, non- 
membrane bound IFNAR; 

c) DNA sequences which are degenerate, as a re- 
sult of the genetic code, to the DNA sequences de- 

30 fined in (a) and (b) and which encode biologically 
active, soluble non-membrane bound IFNAR. 

[0010] The above DNA sequence of the invention 
may encode all or part of the IFNAR form 1 or form 2, 

35 the sequences of which are depicted in Figure 7, which 
forms are described herein below in greater detail. 
[0011] The present invention also provides a recom- 
binant expression vector comprising the above DNA se- 
quence of the invention, and a process for preparing a 

40 mammalian, soluble, non-membrane bound form of an 
IFNAR or an analog thereof, comprising culturing a suit- 
able host cell comprising the above vector under suita- 
ble conditions promoting expression. 
[001 2] The present invention further provides a mam- 

45 malian, soluble, non-membrane bound form of an IF- 
NAR, or a mutein, fused protein, salt, functional deriva- 
tive or active fraction thereof. 

[001 3] The above soluble form of an I FNAR of the in- 
vention may be of human origin, may be the splice-de- 

50 letedform 1 or form 2 of IFNAR having a molcular weight 
of about 55 kd or about 95 kd, respectively, and which 
may have, respectively, all or part of the sequence of 
amino acid residues greater than about 80% similar to 
the sequence of amino acids 1-434 or 1-496 depicted 

55 in Figure 7. 

[0014] The present invention further provides a com- 
position containing, as active ingredient, any of the 
above IFNAR forms and a suitable diluent carrier and/ 
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or excipient. The composition may be used for inhibition, 
modulating or modifying the activities of IFN-a and IFN- 
P subtypes in cells or tissues. The composition may also 
be used for qualitative and/or quantitative diagnostic de- 
termination of the kinds of IFN-a or IFN-p subtypes in 
vivo or in vitro . 

[0015] Moreover, the present invention also provides 
a pharmaceutical composition formulated from the 
above composition of the invention and a pharmaceuti- 
cally acceptable diluent, carrier and/or excipient; the 
pharmaceutical composition being for the modulation, 
inhibition or modification of the activities of IFN-a and 
IFN-P subtypes in cells and/or tissues; or for the treat- 
ment of patients having excess amounts of IFNs as a 
result of I FN treatment or excess endogenous I FN pro- 
duction. 

[0016] The above aspects of the present invention 
and others will become apparent from the following de- 
tailed description of the invention and the accompanying 
figures. 

[0017] Figure 1: shows a schematic representation, 
as is described in Example 1, of the cDNAs for 

1) the known transmembranal IFNAR form, 

2) the truncated IFNAR form with the novel S do- 
main, according to the present invention, 

3) the double deleted IFNAR form with shortened 
IC domain, according to the present invention. 

The positions of the new junctions created by the dele- 
tions are indicated, as well as the position of the termi- 
nation codons. 

[0018] Figure 2: shows a schematic representation 
of the soluble IFNAR cDNA form with the novel soluble 
(S) domain (lower part) in comparison to the known 
transmembranal IFNAR cDNA (upper part), as is de- 
scribed in Examples 1 and 2. Positions of the primers 
used for PCR reactions are indicated, as well as dele- 
tions and new junctions. 

[0019] Figure 3: shows a reproduction of an agarose 
gel electrophoresis, ethidium bromide stained, analys- 
ing the size of the PCR products from U266 R and U266 s 
cells, as is described in Examples 1 and 2. 

Lanes 1 ,2: Reaction A with primers 2+3 of Fig. 2. 
Lanes 3,4: Reaction B with primers 2+5 of Fig. 2 
(products shown by arrows) 
Lanes 5,6: Reaction C with primers 4+5 of Fig. 2. 

[0020] Figure 4: illustrates a portion of the nucleotide 
sequence of the INFAR cDNA form with the novel S do- 
main (second line of each numbered block), compared 
to the known transmembranal cDNA (first line of each 
numbered block) with the numbering according to trans- 
membranal cDNA, as is described in Example 2. The 
position of primers is underlined, and the transmem- 
branal domain is overlined. Lower part: Amino acid se- 
quence of novel IFNAR cDNA form 1, showing a 



frameshift creating 7 C-terminal residues unique to the 
cDNA form 1 . Exon boundaries are indicated as previ- 
ously reported (Lutfalla, G., et at., J.Biol.Chem. 267, 
2802-2809 (1992)). 

s [0021] Figure 5: shows a schematic representation 
of the soluble IFNAR cDNA form with the shortened IC* 
domain (lower part) in comparison to the known trans- 
membranal IFNAR cDNA (upper part), as is described 
in Example 3. Positions of the primers used for PCR re- 

w actions are indicated, as well as deletions and new junc- 
tions. 

[0022] Figure 6: illustrates a portion of the nucleotide 
sequence from the IFNAR cDNA form with the short- 
ened IC domain according to the present invention 

15 (second line of each numbered block), compared to the 
known transmembranal cDNA (first line of each num- 
bered block), as described in Example 3. The amino ac- 
id sequence of the IFNAR with the shortened IC domain 
is shown in the third line; gaps indicate deleted sequenc- 

20 es. Numbering according to transmembranal cDNA. 
The position of primers is underlined and the transmem- 
branal domain is overlined. Exon boundaries are indi- 
cated as in Fig. 4. 

[0023] Figure 7: shows the amino acid sequences, 
25 as described in Example 3, of the spliced-deleted solu- 
ble IFNAR form 1 with the novel S domain underlined 
as well as the double-deleted form 2 with the shortened 
IC domain and with the underlined 6-amino acid long 
extracellular region containing a cysteine, which is re- 
30 tained between the two deletions. The known trans- 
membranal IFNAR is shown in comparison with its 
transmembranal domain underlined. 
[0024] Figure 8: shows a reproduction of Western im- 
munoblots of proteins from U266 s and U266 R cells re- 
35 acted with mAb#1 and mAb#2, as described in Example 
4. 

Left panel: Total CHAPS extract. Left arrows show 
the 110 Kd transmembrane IFNAR and the 55 Kd 

40 protein. Right arrow shows the 95 Kd protein. 

Right panel: Total CHAPS extract (TOT), soluble cy- 
toplasmic compartment (CYT) and cell membranes 
(MEM). Left arrow shows the 110 Kd transmem- 
brane I FN AR. Right arrow shows the 95 Kd cytosol- 

45 ic protein. 

[0025] Figure 9 (a and b): shows reproductions of 
Western blots of recombinantly produced soluble IF- 
NAR proteins secreted from transfected COS-7 cells 
so (Fig. 9a) and recombinantly produced soluble IFNARs 
secreted from transfected COS-7 cells as well as asso- 
ciated with cell membranes, intracellular compartments 
(cytosol) and cell nuclei (Fig. 9b), as described in Ex- 
ample 5(a). 

55 [0026] Figure 10: shows a reproduction of an SDS- 
PAGE gel on which was separated immunoprecipitated 
products of the cross-linkage between recombinantly 
produced soluble Form 1 IFNAR and radiolabeled IFN, 
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demonstrating the IFN-binding activity of recombinant 
soluble Form 1 IFNAR, as described in Example 5(a). 
[0027] The present invention is concerned with new 
forms of the human I FN a-receptor mRNAs and pro- 
teins, characterized by their synthesis in human cells & 
through alternative splicing mechanisms. The sequence 
established for two new forms of I FN a-receptor cDNAs 
indicate that the corresponding mRNAs encode novel 
polypeptide sequences defining proteins which lack the 
transmembranal region. Such non-membranal IFNAR 10 
forms are demonstrated in the soluble cytoplasmic com- 
partment of human cells. The proteins may also be se- 
creted from the cell into the extracellular space, but are 
distinguished from other soluble receptor forms, which 
are derived from membrane bound receptors by prote- is 
olytic cleavage which released the extracellular domain 
of these receptors. 

[0028] The potential functions of soluble receptors as 
regulators of cytokine activities have been described 
(Fernandez-Botran, 1991). The existence of a mecha- 20 
nism by which cells produce mRNAs encoding two non- 
membrane bound or soluble forms of I FN a-receptor, 
suggests that the two forms each have some function 
for the cell. These forms would not anchor in the mem- 
brane, and may be secreted outside the cells or be found 25 
in the cytosol (soluble cell compartment). The one form 
containing the ligand binding, extracellular domain (EC) 
followed directly by the intra-cytoplasmic domain with- 
out the TM domain (Fig. 1, scheme 3), should still be 
able to function in transduction of signals such as those 30 
generated by cytokine binding, for example, within the 
interior of the cell. The other form in which the EC do- 
main is followed by the S-domain (Fig. 1 , scheme 2), but 
lacks both the transmembrane and intra-cytoplasmic 
domains, would not function in signal transduction. The 35 
EC domain of the IFNAR (residues 22-427) is known to 
contain I FN binding activity (Benoit, P. et aL, 1993; 
Novick D. ( et al 1 992 see above). Therefore, the soluble 
IFNAR forms encoded in the cell mRNA according to 
the present invention, could either bind I FN and com- 40 
pete with I FN activity on the cell surface, acting as IFN 
antagonists, or regulate in other ways the activities of 
the multiple IFN subtypes. Being synthesized within the 
cell, these proteins can also interact with other cellular 
proteins involved in the biological response to IFNs. This 4$ 
would not be the case for soluble IFN a -receptors pro- 
duced by proteolytic cleavage outside the cell plasma 
membrane of normally membrane bound receptors. 
[0029] Applications of the novel, soluble IFNAR forms 
of the present invention could be for inhibiting, modulat- so 
ing or modifying the activities of IFN-a and IFN-p sub- 
types in cells, tissues and organisms. IFNs have antivi- 
ral, anti-proliferative and immunoregulatory functions 
(Baron, S. et al.(eds), Interferon: Principles and Medical 
Applications, The University of Texas Medical Branch at 55 
Galveston, (1 992)). IFNs are used clinically to treat viral 
diseases (e.g. papillomatoses, hepatitis, etc.) malignan- 
cies (e.g. leukemias, hormone-dependent cancers, etc.) 
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and immunological dysfunctions (e.g. multiple sclero- 
sis). These beneficial effects of IFNs may be naturally 
modulated by the different forms of the IFN a-receptor 
such as those of the present invention. On the other 
hand, excess of IFN may be detrimental and has been 
implicated in some auto-immune diseases, in graft re- 
jections and hematopoietic deficiences (locus cited). 
These conditions may benefit from inhibitors of IFN ac- 
tion. Furthermore, cells can differ in their response to 
IFN-a and IFN-p subtypes (Rosenblum, M.G. et al., J. 
Interferon Res. 10,141-151 (1990)), and the cell re- 
sponse to IFN subtypes may be modulated by some of 
the cell-synthesized soluble IFNAR forms. The isolation 
and identification of novel IFNAR cDNAs according to 
the present invention, will allow the production of the 
natural cell-synthesized soluble IFN a-receptor forms 
by recombinant DNA technology and the study of their 
functions by overexpression in transfected cells, or by 
addition to cell cultures. 

[0030] The soluble IFNAR forms according to the 
present invention may be used to prepare pharmaceu- 
tical compositions for inhibiting, modulating or modifying 
the activities of IFN-a and IFN-p subtypes. Such phar- 
maceutical compositions may be used, for example, for 
the treatment of various disorders, as noted above, in 
which patients have an excess of IFNs as a result of 
receiving large doses of IFN in therapy or as a result of 
abnormally high endogenous production of IFNs. The 
pharmaceutical compositions may be prepared by any 
of the well known procedures in which the active ingre- 
dient, soluble IFNAR, is admixed with pharmaceutically 
acceptable diluents, carriers or excipients. Actual dos- 
ages and modes of administration of such pharmaceu- 
tical compositions will be determined by the professional 
practitioners. 

[0031] The soluble IFNARs of the present invention 
may also be used to prepare compositions for diagnostic 
purposes, for example, for the qualitative and/or quan- 
titative determination of the kinds of IFN-a and IFN-p 
subtypes in in vivo or in in vitro diagnostic assays. In 
these compositions, the soluble IFNARs may be la- 
belled by any of the established labelling procedures, 
for examples, radio-labelling, fluorescent labelling, en- 
zyme-linkage, antibody-linkage, etc. Preparation of the 
above compositions and application of the above com- 
positions in diagnostic assays will be by any of the well- 
established procedures. 

[0032] The soluble IFNARs of the present invention 
may also be applied in affinity chromatographic meth- 
ods for the purification of IFN-a and IFN-p subtypes. In 
such applications, the soluble IFNARs may be attached 
to any of the known affinity chromatographic support 
matrices, using any of the standard methods therefor, 
for example, chemical cross-linking. 
[0033] As used herein, the term "mute ins' refers to 
analogs of the soluble IFNAR proteins in which one or 
more of the amino acid residues of the natural soluble 
IFNAR are replaced by different amino acid residues or 
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are deleted, or one or more amino acid residues are 
added to the natural sequence o! the soluble IFNAR, 
without changing considerably the activity of the result- 
ing product. These muteins are prepared by known syn- 
thesis and/or by site-directed mutagenesis techniques, 
or any other known technique suitable therefor. 
[0034] The term fused protein' refers to a polypep- 
tide comprising a soluble IFNAR according to the inven- 
tion, or a mutein thereof fused with another protein 
which has an extended residence time in body fluids. 
The soluble IFNAR may thus be fused to another pro- 
tein, polypeptide or the like, e.g. an immunoglobulin or 
a fragment thereof. 

[0035] The term "salts" herein refers to both salts of 
carboxyl groups and to acid addition salts of amino 
groups of a soluble IFNAR protein, muteins and fused 
proteins thereof. Salts of a carboxyl group may be 
formed by means known in the art and include inorganic 
salts, for example, sodium, calcium, ammonium, ferric 
or zinc salts, and the like, and salts with organic bases 
as those formed, for example, with amines, such as tri- 
ethanolamine, arginine or lysine, piperidine, procaine 
and the like. Acid addition salts include, for example, 
salts with mineral acids such as, for example, hydrochlo- 
ric acid or sulfuric acid, and salts with organic acids such 
as, for example, acetic acid or oxalic acid. 
[0036] "Functional derivatives" as used herein cover 
derivatives of a soluble IFNAR and its fused proteins 
and muteins, which may be prepared from the functional 
groups which occur as side chains on the residues or 
the N- or C-terminal groups, by means known in the art, 
and are included in the invention as long as they remain 
pharmaceutical^ acceptable, i.e. they do not destroy 
the activity of the protein and do not confer toxic prop- 
erties on compositions containing it. These derivatives 
may, for example, include polyethylene glycol side- 
chains which may mask antigenic sites and extend the 
residence of a soluble IFNAR in body fluids. Other de- 
rivatives include aliphatic esters of the carboxyl groups, 
amides of the carboxyl groups by reaction with ammonia 
or with primary or secondary amines, N-acyl derivatives 
of free amino groups of the amino acid residues formed 
with acyl moieties (e.g. alkanoyl or carbocyclic aroyl 
groups) or O-acyl derivatives of free hydroxyl groups (for 
example that of seryl or threonyl residues) formed with 
acyl moieties. 

[0037] As "active fractions" of the soluble IFNAR, its 
fused proteins and its muteins, the present invention 
covers any fragment or precursors of the polypeptide 
chain of the protein molecule alone or together with as- 
sociated molecules or residues linked thereto, e.g. sug- 
ar or phosphate residues, or aggregates of the protein 
molecule or the sugar residues by themselves, provided 
said fraction has the same biological activity and/or 
pharmaceutical activity. 

[0038] The invention will now be illustrated by the fol- 
lowing nonlimiting examples. It should be noted that, un- 
less otherwise indicated, the methods described in the 



examples are standard, well established methods, 
widely used in genetic engineering. Accordingly, refer- 
ence will be made to various publications in which the 
methods are fully detailed. Further, where details are 
5 provided concerning manufacturers, it is to be under- 
stood that the associated methods are according to the 
manufacturer's protocols. 

EXAMPLE 1: Multiple IFN a-receptor gene 
10 transcripts 

[0039] Human myeloma cells U266 s are sensitive to 
IFN-a and IFN-jJ subtypes for growth -inhibit ion and for 
induction of (2'-5') A synthetase. The U266 s cells were 
15 compared to U266 R variants, which have lost growth- 
inhibition by the above IFNs. Total RNA was prepared 
by the guanidine thyocyanate method (Chirgwin J.J. et 
al., Biochemistry 18, 5294-5300 (1979). From RNA of 
U266 s and U266 R cells, cDNA was produced by Re- 
20 verse Transcriptase primed with an oligo-deoxy ribonu- 
cleotide complementary to nucleotides 1729-1749 of 
the IFNAR cDNA (this primer is adjacent to the end of 
the coding frame of the transmembranal IFNAR cDNA, 
Fig. 1 , scheme 1 ). The polymerase chain reaction (PGR) 
25 was then used to amplify DNA fragments of the above 
cDNA product, according to established procedures ( 
(Ehrlich H.A., editor, PCR Technology, Stockton Press, 
New York, (1 989)). Three pairs of sense/antisense prim- 
ers were used, which correspond to the following nucle- 
30 otides of the transmembranal IFNAR cDNA (see Fig. 2, 
upper part for numbering): 

♦ PCR reaction A: 1342-1361 / 1498-1515 

• PCR reaction B: 1 331 -1 342 / 1 733-1 752 
35 • PCR reaction C: 1522-1542/1729-1749 

[0040] In reaction B, the sense and antisense primers 
used had tails containing EcoRI and BamHI sites re- 
spectively; after digestion with these restriction en- 
40 zymes, the products would be 1 0 bp longer than expect- 
ed. The PCR products analyzed by electrophoresis on 
agarose gels followed by ethidium bromide staining, are 
shown in Fig. 3. 

[0041 ] In reaction A, the expected 1 73 bp product was 
45 observed when using RNA from U266 s cell (lane 1) 
whereas no product was observed when RNA from 
U266 R cells was used (lane 2). This result indicated that 
the IFN receptor transcripts of U266 R cells have some 
deletion in the region between nucleotides 1342 and 
50 1515, which prevented one of the primers to initiate the 
PCR reaction. 

[0042] In reaction B, the expected 420 bp size product 
(as defined by primers 2 and 5 of Fig. 2), was observed 
with U266 s RNA. In addition, a new DNA band whose 
55 size is estimated at 260 bp was found (lane 3). With 
U266 R RNA, the smaller product was observed, but the 
larger band was missing (lane 4). This result revealed 
the existence of transcripts with a deletion of approxi- 
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mately 160 bp in both U266 s and U266 R cells. 
[0043] In reaction C, the same product was observed 
with both U266 s and U266 R RNA, indicating no modifi- 
cation of this region between primers 4 and 5 of Fig. 2. 
[0044] Examination of the position of the primers used 5 
in reaction A and B, indicated that the observed dele- 
tions affect the transmembranal region of the IFNAR cD- 
NA (Fig. 2). 

EXAMPLE 2: Spliced-deleted IFN a-receptor form 1 10 

[0045] In order to determine the nucleotide sequence 
of the new forms of IFNAR cDNA, a PCR reaction similar 
to B in Example 1 , was carried out with RNA from U266 s 
cells. The primers used (primers 2 and 5 Fig. 2) had tails '5 
containing an EcoRI restriction site for primer 
1331-1342, (shown in low case in Fig. 4) and a BamHI 
site for primer 1733-1752. After the PCR reaction, the 
products were incubated with EcoRI and BamHI, and 
separated by agarose gel electrophoresis. The small so 
260 bp product was cut out from the gel and ligated into 
Bluescript® vector KS + (Stratagene Cloning System, 
LaJolla, CA), which had been cut by EcoRI and BamHI. 
The ligated plasmids were transfected into competent 
E.coli cells, transfectant colonies were isolated and 25 
plasmid DN A prepared. The presence of the 260 bp was 
verified by cutting with EcoRI and BamHI. Uncut plasmid 
DNA was sequenced by the dideoxynucleotide method 
from the T3 primer of the Bluescript® vector (Stratagene 
Cloning Systems, LaJolla, CA). The complementary 30 
strand was sequenced from an antisense primer 
1 601 -1 61 9. Fig. 4 shows the sequence obtained for the 
small PCR product in comparison to the sequence of 
the transmembranal IFNAR cDNA. A deletion from nu- 
cleotide 1 362 to 1 51 8 (1 57 bp) was observed, complete- 35 
ly removing the transmembranal region (see Fig. 2). 
[0046] The PCR product obtained with U266" RNA 
(as in Fig. 3, lane 4), was similarly cloned in Bluescript® 
vector and sequenced. The resulting plasmids yielded 
the same sequence as for the small PCR product of 40 
U266 s cells. 

[0047] The novel sequence obtained indicates that 
the entire exon X containing the transmembranal region 
is spliced out, and that the last 4 codons of exon IX are 
missing as well. This alternative splicing causes a *5 
frameshift after codon 427 (Glu) in the extracellular do- 
main, and predicts a truncated protein with 7 amino ac- 
ids Asn-lle-Ser-Leu-Asn-Ser-His, not found in the pre- 
viously known IFNAR protein (Fig. 4, lower part). This 
new form of the IFN-ct receptor is designated as spliced- so 
deleted form 1 1 and is characterized by a new domain 
S which follows the end-deleted EC domain (Fig. 2 lower 
part). 

[0048] It was verified that the large PCR product ob- 
tained with U266 s RNA (420 bp in Fig. 3, lane 3), con- 55 
tainedthe transmembranal region and the normal exon 
X/exon XI boundary of the transmembranal IFNAR cD- 
NA, indicated in Fig. 4. 




EXAMPLE 3: Spliced deleted IFN a-receptor form 2 

[0049] Another form of IFNAR with a double deletion 
was discovered. This spliced-deleted form 2 was detect- 
ed in PCR reactions carried out with a more upstream 
primer corresponding to nucleotides 1270-1290 of the 
IFNAR cDNA (primer 1 in Fig. 5). This sense primer with 
a 5* tail containing an EcoRI site was used in conjuction 
with the 1733-1752 antisense primer with a BamHI site 
(primer 5 in Fig. 5). The PCR products obtained with 
U266 R RNA were digested with EcoRI and BamHI, elec- 
trophoresed on agarose gel and the DNA band ob- 
served at approximately 300 bp, was cut out from the 
gel. After cloning in Bluescript® vector as in Example 2, 
the plasmid DNA was sequenced. The sequence ob- 
tained (Fig. 6) indicates again a deletion of the trans- 
membranal region. As can be seen, in comparison to 
the transmembranal IFNAR cDNA, this spliced-deleted 
form 2 has two in-phase deletions of nucleotides 1318 
to 1341 (24 bp) in exon IX and of nucleotides 1360 to 
1518 (159 bp, i.e. the end of exon IX and all of exon X). 
[0050] The structure of the spliced-deleted form 2 IF- 
NAR cDNA is schematically shown in Fig. 5 (lower part). 
In the protein encoded by this novel IFNAR cDNA, the 
extracellular domain is missing 8 codons following res- 
idue 413 (Glu) of the transmembranal form, continues 
with 6 amino acids (residues 422-427 still in exon IX), 
and after a further deletion of 53 amino acids (including 
the transmembranal region) continues in the intracyto- 
plasmatic domain from Tyr-481. The predicted IC do- 
main is 77 amino acids long instead of 100 in the trans- 
membranal form. 

[0051] The amino acid sequence of this spliced-delet- 
ed form 2 of the IFN a-receptor is shown in Fig. 7 (bot- 
tom), as compared to the truncated form 1 and the trans- 
membranal form. It is notable that in form 2, the 6 amino 
acids (underlined in Fig. 7) which are found between the 
two deletions contain a cysteine, thereby conserving the 
8 cysteine residues found in the extracellular domain of 
the transmembranal form and the splice-deleted form 1 . 
[0052] The two new forms of the IFN-a receptor ac- 
cording to the present invention comprise 434 and 496 
amino acids, respectively, while the transmembranal 
form (Fig. 7) comprises 557 amino acids. The two new 
forms are depicted in schemes 2 and 3 of Fig. 1 . 

EXAMPLE 4: Non-membranal IFN a-receptor 
proteins 

[0053] The proteins encoded by the two new forms of 
IFNAR cDNA were examined in U266 R cells, which do 
not contain RNA transcripts for the transmembranal 
form of IFNAR, but only the alternatively spliced-deleted 
forms. For this purpose, immunoblots were made with 
various monoclonal antibodies (mAbs) against the re- 
combinant IFNAR protein. The results shown were ob- 
tained with two antibodies: mAb#1 or64G12 (Benoitet 
al. , 1 993 see above); and m Ab #2 or 21 .4 (Novick et al. , 
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1 992 see above). Total proteins from U266 cells were 
extracted with buffers containing 10 mM CHAPS deter- 
gent (3-{(3-Cholamido-propyl)-dimethyl-ammonio}- 
1-propane-sutfonate), subjected to electrophoresis in 
sodium dodecyl-sulfate polyacrylamide gels, blotted on- s 
to nitrocellulose, and reacted with mAbs followed by la- 
belled goat anti-mouse immunoglobulin antibodies. To 
determine the intracellular localization of the protein, 
cells were lysed by hypotonic shock and the cytosol frac- 
tion of the cell (soluble cytoplasmic compartment) was 10 
compared to the membrane fraction, prepared as de- 
scribed (Chebath, J. etal., J.BioI.Chem. 262, 3852-3857 
(1987)). For comparative purposes, U266 s cells were 
also lysed and the cytoso! and membrane fractions were 
isolated in the above-mentioned fashion. ^ 
[0054] Comparison of U266 R and U266 s cell protein 
extracts shows that the I FN a-receptor protein of about 
1 10 Kd which is recognized by mAb #1 in U266 s is com- 
pletely absent in U266 R (Fig. 8, left panel, lanes 1, 2). 
This protein is membranal (right panel, lane 3) as ex- 20 
pected for the product of the transmembranal IFNAR 
mRNA product. In addition, mAb #1 recognized a pro- 
tein of about 55 Kd: this protein is present in U266 R cells 
(Fig. 8 left panel, lanes 1, 2) and, therefore, is likely to 
be the product of a spliced-deleted mRNA lacking the & 
transmembranal region found in U266 R cells. Indeed, 
the 55 Kd protein is not present in the membrane, but is 
detected only in the cytosol of both in U266 s and U266 R 
cells (Fig. 8, right panel, lanes 2-5). 
[0055] In similar immunoblots, mAb #2 recognized 30 
another form of the I FN a-receptor which migrates ap- 
proximately as a 95 Kd protein, and which is present in 
both U266 s and U266 R cells (Fig. 8, left panel, lanes 3, 
4). The 95 Kd protein is clearly abundant in the cytosol 
and absent from membranes (Fig. 8, right panel, lanes 35 
6-10). It was verified that when this protein of about 95 
Kd is first concentrated by immunoprecipitation by mAb 
#2, it is then recognized also by mAb #1 on immunob- 
lots. This indicates that this cytosolic protein is a form 
of I FN a-receptor for which mAb #1 has lower affinity 40 
than mAb #2. That this 95 Kd protein is a product of 
spliced-deleted IFNAR mRNA is supported by the fact 
that it is present in both U266 s and U266 R cells, and 
that it is not membranal. 

[0056] The fact that different forms of IFNAR protein 45 
can be recognized by mAb against recombinant IFNAR 
indicates, on the one hand, that the different forms are 
closely related, i.e. have sequence identity, and on the 
other, that there exists heterogeneity of the receptor pro- 
teins. The 95 Kd cytosolic form could be the product of &> 
the splice-deleted form 2 cDNA described in Example 
3. This protein could function in the cytoplasm in the re- 
sidual response to I FN of U266 R cells. An early re- 
sponse of cells to IFN is the activation of transcription 
factors ISGF3 and IRF-1 which bind to the IFN respon- 55 
sive enhancers of a number of IFN-activated genes 
(Levy, D.E. et al., Genes Dev.3, 1362-1371 (1989); 
Harada, H., Cell 58, 729-739 (1989)). It was observed 
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(Abramovich C, Ph.D. Thesis, Weizmann Institute of 
Science (1 993)) that IFN activates IRF-1 in U266 R cells, 
as well as in U266 s cells. This response to IFN could be 
mediated by a spliced-deleted IFNAR cDNA product in 
U266 R cells. In contrast, ISGF3is induced only in U266 s 
cells, indicating it requires the membranal IFNAR pro- 
tein. 

[0057] The 55 Kd protein may be the product of the 
truncated splice-deleted form 1 described in Example 2. 
This shorter truncated form, may be secreted from the 
cells and could act as a competitive inhibitor of IFN bind- 
ing. 

EXAMPLE 5: Recombinant production of soluble 
IFNAR proteins, fusion products, fragments and 
muteins thereof 

(a) Recombinant production of soluble IFNAR proteins, 
Form 1 and Form 2 : 

[0058] As is set forth in Examples 1 -4 above, there 
exist two forms of differentially spliced mRNAs encoding 
new forms, Form 1 and Form 2, of the IFNAR protein 
which lack the transmembranal region. Using standard 
procedures of recombinant DNA technology (see, for 
example, Maniatis et al.. Molecular Cloning: A Labora- 
tory Manual , Cold Spring Harbor Laboratory, New York, 
1982; Sambrook et al., Molecular Cloning: A Laboratory 
Manual , Cold Spring Harbor Laboratory, New York, 
1989), cDNA molecules were generated from the mR- 
NAs and subsequently isolated, which cDNAs encode 
the soluble Forms 1 and 2 of the IFNAR protein. 
[0059] The isolated cDNAs encoding the soluble 
Form 1 and 2 of the IFNAR protein were introduced, by 
the above noted standard procedures, into expression 
vectors with either the early or late SV40 promoters to 
provide pSVE3or PSVL constructs, respectively. 
[0060] The expression of the two soluble forms of IF- 
NAR was demonstrated by transfection of COS-7 cells 
(monkey kidney cells) with the pSVL constructs. The re- 
sults of these expression studies revealed that the dif- 
ferent structure of the Form 1 and Form 2 proteins pro- 
foundly influences the fate of the protein product. Form 
1 which has a 7-amino acid terminal tail attached to ami- 
no acid 427 of the IFNAR protein and lacks the trans- 
membranal and intracytoplasmic domains, was found to 
be efficiently secreted into the medium of the COS-7 cell 
cultures. In contrast, Form 2. which has a deletion of the 
transmembranal domain, but which conserves almost 
all of the intracytoplasmic domain was found to be re- 
tained within the cell. The results of these expression 
studies are presented in Figs. 9 a, b. 
[0061] Fig. 9a shows a reproduction of an immunos- 
tained Western blot performed on samples obtained 
from the culture medium of the COS-7 cells. In this anal- 
ysis, COS-7 cells transformed by the pSVL vector en- 
coding the Form 1 IFNAR soluble protein, were grown 
in standard culture medium, and samples were taken of 
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the culture medium which contains the various proteins 
secreted by the cells. These samples were then sepa- 
rated by standard SDS-PAGE, and the thus separated 
proteins were then blotted onto a nitrocellulose filter by 
standard Western blot procedure. The Western blot was 
then stained using monoclonal antibody, mAb #1 (mAb 
64G12, see Example 4). On each SDS-PAGE gel, and 
hence each Western blot, the following samples were 
analyzed: 

(i) proteins secreted from COS-7 cells transformed 
with the pSVL vector encoding the Form 1 IFNAR, 
sample prepared from 12 jil culture medium,; 

(ii) proteins secreted from COS-7 cells transformed 
with only the pSVL vector (i.e. without the Form 1 
sequence), which serves as a negative control, 
sample prepared from 12uJ culture medium, con- 
centrated (x 200) before application to gel (sample 
'pSVU in Fig. 9a); 

(iii) proteins secreted from COS-7 cells transformed 
with the pSVL vector encoding the Form 1 IFNAR, 
sample prepared from BuJ culture medium, concen- 
trated (x 200) before application to gel (sample 
•pSVLSaRVinFig. 9a); 

(iv) proteins secreted from COS-7 cells transformed 
only with the pSVL vector (i.e. without the Form 1 
sequence) which serves as a negative control, sam- 
ple prepared from 8uJ culture medium, concentrat- 
ed (x 200) before application to gel (sample 'pSVL' 
in Fig. 9a); 

(v) proteins extracted from DAUDI cells, which pro- 
duce the cell-surface bound IFN receptors and the 
soluble forms thereof and hence this sample serves 
as a positive control for mAb #1 immunostaining of 
the blot and as a molecular weight standard for the 
IFNARs (sample 'DAUDI' in Fig. 9a); and 

(vi) radiolabeled molecular weight marker protein 
were also present in the gel (extreme right hand 
sample in Fig. 9a). 

[0062] Thus, from the Western blot of Fig. 9a, it is ap- 
parent that the COS-7 cells transformed with the pSVL 
vector encoding the Form 1 soluble IFNAR protein, can 
successfully express and secrete this protein, the se- 
creted protein having a molecular weight of about 73 Kd, 
as expected. 

[0063] Fig. 9b, shows a reproduction of a Western blot 
performed on samples obtained from COS-7 cells trans- 
formed with pSVL vectors encoding the Form 1 and 
Form 2 IFNAR proteins. In this analysis, the samples 
taken from the transformed COS-7 cells were as follows: 
culture medium samples i.e. containing proteins secret- 
ed by the cells; cell membrane samples, i.e. proteins 
produced by the cells and incorporated into the mem- 
branes; cytosol samples i.e. proteins produced by the 
cells and present in the intracellular compartment (cy- 
tosol) of the cells; and nuclei samples, i.e. proteins pro- 
duced by the cells and associated with the nuclei or nu- 




clear membranes. The preparation of all these samples 
is described in Example 4 above, and it should be noted 
that the nuclei sample is obtained from the cell extract 
samples (from which the membranes and cytosol are 

5 separated and isolated) by standard procedures and in- 
cludes also steps of washing of the nuclei sample with 
Triton® X-100. All the above samples were then sepa- 
rated by standard procedures on SDS-PAGE and West- 
ern blotted. The Western blot was then immunostained 

10 as above with mAb #1 , to yield the blot shown in Fig. 9b, 
the samples of which are as follows: Lane 1 : culture me- 
dium from COS-7 cells transformed with only the pSVL 
vector, without an IFNAR sequence, negative control; 
Lane 2: culture medium from COS-7 cells transformed 

is with the pSVL vector encoding Form 1 IFNAR; Lane 3: 
culture medium from COS-7 cells transformed with the 
pSVL vector encoding Form 2 IFNAR; Lane 4: mem- 
branes from COS-7 cells transformed with only the pS- 
VL vector without an IFNAR sequence, negative control; 

20 Lane 5: membranes from COS-7 cells transformed with 
the pSVL vector encoding the Form 2 IFNAR; Lane 6: 
cytosol from COS-7 cells transformed with only the pS- 
VL vector without an IFNAR sequence, negative control; 
Lane 7: cytosol from COS-7 cells transformed with the 

25 pSVL vector encoding the Form 2 IFNAR; Lane 8: nuclei 
from COS-7 cells transformed with only the pSVL vector 
without an IFNAR sequence; and Lane 9: nuclei from 
COS-7 cells transformed with the pSVL vector encoding 
the Form 2 IFNAR. 

30 [0064] Thus it is apparent from Fig. 9b that the form 

1 soluble IFNAR (approx. 73 Kd) is successfully ex- 
pressed and secreted into the transformed COS-7 cell 
culture medium, while the Form 2 soluble IFNAR protein 
is successfully expressed in the COS-7 cells, but is not 

35 secreted into the medium, (possibly in the Golgi mem- 
branes) and even more so in association with the cell 
nucleus. The Form 2 soluble IFNAR is larger than the 
Form 1 soluble IFNAR and shows two components of 
approx. 80 and 100 Kd. This different localization of the 

40 Form 1 and Form 2 cDNA products supports the notion 
that these cell-produced soluble receptors have distinct 
functions. For example, as noted in Example 4 above, 
U266 R cells lacking the transmembranal IFNAR protein 
can still respond to IFNs by activation of IRF-1 although 

45 activation of ISGF3 is lost. 

[0065] Thus, the roles played by the Form 1 and form 

2 soluble proteins, including signal transduction, will be 
further elucidated. 

[0066] In a further study of the COS-7 cells trans- 
50 formed by (or transfected with) the pSVL vector encod- 
ing the Form 1 protein produced in these cells was ca- 
pable of binding IFN, i.e. the recombinantly produced 
protein retained its IFN activity. In this study, radioiodi- 
nated IFN-oc-A was reacted with concentrated medium 
55 from COS-7 cells transfected by the cDNA for soluble 
IFNAR Form 1. After cross-linking, immunoprecipita- 
tions were carried out with antibodies to IFN-a and to 
IFNAR (mAb #2 = mAb 21.4, see Example 4). In this 
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analysis, proteins secreted from human U266 R cells, 
(which cells contain the Form 1 mRNA, lacking the 
transmembranal IFNAR, see Example 4), were also ex- 
amined as control samples. The results of this analysis 
are shown in Fig. 10 which is a reproduction of a SDS- s 
PAGE gel on which were separated the immunoprecip- 
itated, cross-linked samples as noted above. The sam- 
ples shown in Fig. 1 0 are as follows: Lane 1 : culture me- 
dium from COS-7 cells transfected by the pSVL vector 
encoding the Form 1 soluble IFNAR, immunoprecipita- to 
tion with anti-IFN-a-2 mAbs and cross-linking with 125 l- 
IFNa-2; Lane 2: the sample as in Lane 1 , but with cross- 
linking in the presence of unlabelled (cold) IFNa-2 (x 
50); Lane 3: the sample as in Lane 1, but immunopre- 
cipitation with mAb #2 and cross-linking in the presence '5 
of cold IFNa-2 (x 50); Lane 4: the sample as in Lane 1, 
but immunoprecipitation with mAb #2; Lane 5: culture 
medium from COS-7 cells transfected only by the pSVL 
vector, without an IFNAR sequence and immunoprecip- 
itation with anti-IFNcx-2 mAbs, negative control. Lane 6: 20 
the sample as in Lane 5, but immunoprecipitation with 
mAb # 2, negative control; Lane 7: culture medium from 
U266 R cells, immunoprecipitated with mAb#2 and 
cross-linking with labelled ( 12S l)-IFNcc-2 and in the pres- 
ence of cold IFNa-2; and Lane 8: the sample as in lane 25 
7, but with cross-linking only with the labelled IFNa-2. 
(Lane 'M' denotes molecular weight standards also run 
on the gel). 

[0067] Thus, it is apparent from fig. 10 that binding of 
I FN to the recombinantly produced Form 1 soluble IF- 30 
NAR occurs successfully (Lanes 1 and 4). further, the 
U266 R cells are capable of secreting the Form 1 IFNAR 
encoded by the corresponding mRNA present in these 
cells (Lane 8), demonstrating that the soluble receptor 
does not arise from cleavage of the membranal recep- 35 
tor, at least in these cells, rather it arises from the differ- 
entially spliced mRNA (Example 4). Moreover, the mAb 
# 2 is capable of immunoprecipitating the soluble I FNAR 
protein, although it cannot do so for the membranal re- 
ceptor extracted by detergents from the cell surface *o 
membranes (see Example 4). 
[0068] Further studies of the ability of the soluble 
Form 1 1FNAR to bind IFNs, including quantitative stud- 
ies, have been carried out, preliminarily, by adding the 
COS-7 cell-secreted product to Daudi cells and meas- *s 
uring the binding of iodinated IFN-a thereto, as has been 
the preparation of expression vectors encoding the sol- 
uble IFNARs for expression thereof in CHO cells (results 
not shown). 

50 

(b) Recombinant production of a soluble IFNAR protein, 
fusion products, fragments and muteins thereof 

[0069] In part (a) above, the specific preparation of 
SV-40-derived expression vectors (e.g. sPVL) is de« 55 
scribed, encoding the soluble Form 1 and Form 2 IF- 
NARs, which vectors when introduced (transfection) in- 
to COS-7 host cells result in the successful expression 
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of recombinant Form 1 and Form 2 IFNARs. Using 
standard recombinant DNA technology, other vectors 
(and host cells transfected therewith) may be produced 
for the production of recombinant soluble IFNARs fusion 
proteins, fragments and muteins thereof, as follows: 
[0070] An isolated cDN A according to the invention is 
subjected to site directed mutagenesis with appropriate 
oligo-nucleotides so that a termination codon and a 
polyadenylation site are inserted after the last essential 
codon of the soluble IFNAR. This construct is then in- 
serted into appropriately constructed expression vec- 
tors by techniques well known in the art (Maniatis et al. 
Molecular Cloning: A Laboratory Manual . Cold Spring 
Harbor Laboratory, New York, 1982). Double-stranded 
cDNA is linked to plasm id vectors by homopolymeric 
tailing or by restriction linking involving the use of syn- 
thetic DNA linkers or blunt-ended ligation techniques. 
DNA ligases are used to ligate the DNA molecules and 
undesirable joining is avoided by treatment of DNA 
strands with alkaline phosphatase. 
[0071] The production of a fused protein comprising 
a soluble IFNAR and, e.g., the constant region of IgG-, 
heavy chain may be carried out as follows: the DNA of 
a soluble IFNAR is subjected to site-directed mutagen- 
esis with appropriate oligonucleotides so that a unique 
restriction site is introduced immediately after the coding 
sequence. A plasmid bearing the constant region of 
lgG 1 heavy chain, e.g. pRKC04 2 Fc 1 (Byrn R.A. et al., 
1990, Nature, 344:667-670) is subjected to similar site- 
directed mutagenesis to introduce the same unique re- 
striction site as close as possible to Asp 216 of lgG 1 
heavy chain in, a way that allows translation in phase of 
the fused protein. A dsDNA fragment consisting of 5' un- 
translated sequences and encoding for a soluble IFNAR 
is prepared by digestion at the unique restriction sites. 
The mutated pRKCD4 2 Fc 1 is similarly digested to gen- 
erate a large fragment containing the plasmid and the 
\gG, sequences. The two fragments are then ligated to 
generate a new plasmid encoding a polypeptide precur- 
sor consisting of the N-terminal soluble IFNAR and 
about 227 C-terminal amino acids of lgG 1 heavy chain 
(hinge region and CH2 and CH3 domains). The DNA 
encoding the fused protein may be isolated from the 
plasmid by digestion with appropriate restriction en- 
zymes and then inserted into an efficient expression 
vector. 

[0072] In order to be capable of expressing a soluble 
IFNAR, its muteins or the fused proteins, an expression 
vector should comprise also specific nucleotide se- 
quences containing transcriptional and translational 
regulatory information linked to the DNA coding for the 
desired protein in such a way as to permit gene expres- 
sion and production of the protein. First, in order for the 
gene to be transcribed, it must be preceded by a pro- 
moter recognizable by RNA polymerase, to which the 
polymerase binds and thus initiates the transcription 
process. There are a variety of such promoters in use, 
which work with different efficiencies (strong and weak 
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promoters). They are different for prokaryotic and eu- 
karyotic cells. 

[0073] The promoters that can be used in the present 
invention may be either constitutive, for example, the jnt 
promoter of bacteriophage lambda, the bla promoter of 
the p-lactamase gene of pBR322, and the CAT promoter 
of the chloramphenicol acetyl transferase gene of 
pPR325, etc., or inducible, such as the prokaryotic pro- 
moters including the major right and left promoters of 
bacteriophage lambda (P L and P R ), the trp, recA , lacZ , 
lac I , ompF and cjal promoters of E. coli , or the trp-lac 
hybrid promoter, etc. (Glick, B.R. (1987) J. Ind. Micro- 
biol. 1:277-282). 

[0074] Besides the use of strong promoters to gener- 
ate large quantities of mRNA, in order to achieve high 
levels of gene expression in prokaryotic cells, it is nec- 
essary to use also ribosome-binding sites to ensure that 
the mRNA is efficiently translated. One example is the 
Shine-Dalgarno sequence (SD sequence) appropriately 
positioned from the initiation codon and complementary 
to the 3'-terminal sequence of 1 6S RNA. 
[0075] For eukaryotic hosts, different transcriptional 
and translational regulatory sequences may be em- 
ployed, depending on the nature of the host. They may 
be derived from viral sources, such as adenovirus, bo- 
vine papillomavirus, Simian virus, or the like, where the 
regulatory signals are associated with a particular gene 
which has a high level of expression. Examples are the 
TK promoter of Herpes virus, the SV40 early promoter, 
the yeast ga14 gene promoter, etc. Transcriptional initi- 
ation regulatory signals may be selected which allow for 
repression and activation, so that expression of the 
genes can be modulated. 

[0076] The DNA molecule comprising the nucleotide 
sequence coding for a soluble IFNAR of the invention 
or its fragments or muteins or fused proteins thereof, 
and the operably linked transcriptional and translational 
regulatory signals is inserted into a vector which is ca- 
pable of integrating the desired gene sequences into the 
host cell chromosome. In order to be able to select the 
cells which have stably integrated the introduced DNA 
into their chromosomes, one or more markers which al- 
low for selection of host cells which contain the expres- 
sion vector is used. The marker may provide for pro- 
totrophy to an auxotropic host, biocide resistance, e.g., 
antibiotics, or heavy metals, such as copper, or the like. 
The selectable marker gene can either be directly linked 
to the DNA gene sequences to be expressed, or intro- 
duced into the same cell by cotransfection. Additional 
elements may also be needed for optimal synthesis of 
single chain binding protein mRNA. These elements 
may include splice signals, as well as transcription pro- 
moters, enhancers, and termination signals. cDNA ex- 
pression vectors incorporating such elements include 
those described by Okayama, H, (1983) Mol.Cel.Biol. 
3:280. 

[0077] In a preferred embodiment, the introduced 
DNA molecule will be incorporated intoaplasmidorviral 
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vector capable of autonomous replication in the recipi- 
ent host. Factors or importance in selecting a particular 
plasmid or viral vector include: the ease with which re- 
cipient cells that contain the vector may be recognized 

5 and selected from those recipient cells which do not con- 
tain the vector; the number of copies of the vector which 
are desired in a particular host; and whether it is desir- 
able to be able to 'shuttle' the vector between host cells 
of different species. 

10 [0078] Preferred prokaryotic vectors include plasmids 
such as those capable of replication in E. coli , for exam- 
ple, pBR322, ColE1, pSC101, pACYC 184, etc. (see 
Maniatis et al., op.cit.); Bacillus plasmids such as 
pC1 94, pC221 , pT1 27, etc. (Gryczan, T, "The Molecular 

is Biology of the Bacilli 8 , Academic Press, NY (1982), pp. 
307-329); Streptomyces plasmids including plJ101 
(Kendall. K.J. etal. (1987) J.Bacteriol. 169:4177-4183); 
Streptomyces bacteriophages such as <t>C31 (Chater, 
KF. et al., in "Sixth International Symposium on Actino- 

20 mycetales Biology", Akademiai Kaido, Budapest, Hun- 
gary (1986), pp. 45-54), and Pseudomonas plasmids 
(John, J. F, etal. (1986) Rev. Infect. Dis. 8:693-704), and 
Izaki, K. (1978) Jpn. J. Bacteriol. 33:729-742). 
[0079] Preferred eukaryotic plasmids include BPV, 

25 vaccinia, SV40, 2-micron circle, etc., or their derivatives. 
Such plasmids are well known in the art (Botstein, D., 
et al. (1982) Miami Wint.Symp. 19:265-274; Broach, 
JR., in "The Molecular Biology of the Yeast Saccharo- 
myces: Life Cycle and Inheritance", Cold Spring Harbor 

30 Laboratory, Cold Spring Harbor, NY, pp. 445-470 (1 981 ); 
Broach, J.R., (1982) Cell 28:203-204; Bollon, D.P., etal. 
(1980) J. Clin. Hematol. Oncol. JO: 39-48; Maniatis, T, 
in "Cell Biology: A Comprehensive Treatise, Vol. 3: 
Gene Expression", Academic Press, NY, pp. 563-608 

35 (1980)). 

[0080] Once the vector or DNA sequence containing 
the construct(s) has been prepared for expression, the 
expression vector may be introduced into an appropri- 
ate host cell by any of a variety of suitable means, such 

40 as transformation, transfection, lipofection, conjugation, 
protoplast fusion, elect roporation, calcium phosphate 
precipitation, direct microinjection, etc. 
[0081] Host cells to be used in this invention may be 
either prokaryotic or eukaryotic. Preferred prokaryotic 

45 hosts include bacteria such as E. coli , Bacillus, Strepto- 
myces, Pseudomonas, Salmonella, Serratia, etc. The 
most preferred prokaryotic host is E. coli . Bacterial hosts 
of particular interest include E. coli K12 strain 294 
(ATCC 31446), E. coli X1776 (ATCC 31537), E. coli 

50 W3110 (P, lambda*, prototropic (ATCC 27325)), and 
other enterobacterium such as Salmonella typhimurium 
or Serratia narcescens and various Pseudomonas spe- 
cies. Under such conditions, the protein will not be gly- 
cosylated. The prokaryotic host must be compatible with 

55 the replicon and control sequences in the expression 
plasmid. 

[0082] Preferred eukaryotic hosts are mammalian 
cells, e.g., human, monkey, mouse and Chinese ham- 
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ster ovary (CHO) cells, because they provide post- 
translational modifications to protein molecules includ- 
ing correct folding, correct disulfide bond formation as 
well as glycosylation at correct sites. Also yeast cells 
and insect cells can carry out post-trans lational peptide 
modifications including high mannose glycosylation. A 
number of recombinant DNA strategies exist which uti- 
lize strong promoter sequences and high copy number 
of plasmids which can be utilized for production of the 
desired proteins in yeast and in insect celts. Yeast cells 
recognize leader sequences on cloned mammalian 
gene products and secrete peptides bearing leader se- 
quences. 

[0083] After the introduction of the vector, the host 
cells are grown in a selective medium, which selects for 
the growth of vector-containing cells. Expression of the 
cloned gene sequence(s) results in the production of the 
soluble IFNAR, a fusion protein, or a mutein or a frag- 
ment thereof. The expressed protein is then isolated and 
purified by any conventional procedure involving extrac- 
tion, precipitation, chromatography, electrophoresis, or 
the like, or by affinity chromatography, using anti-soluble 
I FN AR monoclonal antibodies immobilized on a gel ma- 
trix contained within a column. Crude preparations con- 
taining the soluble IFNAR are passed through the col- 
umn whereby the soluble IFNAR will be bound to the 
column by the specific antibody while the impurities will 
pass through. After washing, the protein is e luted from 
the gel at a high or a low pH, eg. pH 11 or pH 2. 



Claims 

1. A DNA sequence encoding a mammalian, soluble, 
non-membrane bound form of an interferon a-re- 
ceptor (IFNAR) having the amino acid sequence of 
the splice-deleted IFNAR form 1 or 2 shown in Fig- 
ure 7 or a mutein or active fraction thereof, wherein 
said mutein or active fraction still comprise amino 
acid residues 428 to 434 of the IFNAR form 1 or 
amino acid residues 41 3 to 496 of the IFNAR form 
2 and show the biological activity of a mammalian, 
soluble, non-membrane bound form of an IFNAR. 

2. A DNA sequence capable of hybridization to the 
DNA sequence according to claim 1 under moder- 
ately stringent conditions and which encodes bio- 
logically active, soluble, non-membrane bound IF- 
NAR still comprising amino acid residues 428 to 434 
of the IFNAR form 1 or amino acid residues 413 to 
496 of the IFNAR form 2. 

3. A recombinant expression vector comprising the 
DNA sequence according to claim 1 or 2. 

4. A process for preparing a mammalian, soluble, non- 
membrane bound form of an IFNAR or a mutein or 
active fraction thereof, comprising culturing a suit- 
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able host cell comprising a vector according to claim 
3 under conditions promoting expression. 

5. A mammalian, soluble, non-membrane bound, bio- 
5 logically active form of an I FNAR, or a mutein, fused 

protein, salt, functional derivative or active fraction 
thereof encoded by the DNA of claim 1 or 2. 

6. A form of an IFNAR according to claim 5 being of 
10 human origin. 

7. A form of an IFNAR according to claim 6, which is 
the splice-deleted IFNAR form 1 having a molecular 
weight of about 55 kd. 

75 

8. A form of an IFNAR according to claim 6, which is 
the splice-deleted IFNAR form 2 having a molecular 
weight of about 95 kd. 

20 9. A homogenous, biologically active, mammalian, 
soluble, non-membrane bound form of IFNAR com- 
position, comprising as active ingredient a form of 
IFNAR according to any one of claims 5 to 8 and a 
suitable diluent, carrier and/or excipient. 

25 

10. The composition according to claim 9 for inhibiting, 
modulating or modifying the activities of IFN-p and/ 
or IFN-a subtypes in cells or tissue. 

30 11. The composition according to claim 10, which con- 
tains as active ingredient the IFNAR form 1 of claim 
7. 

12. The composition according to claim 10, which con- 
35 tains as active ingredient the IFNAR form 2 of claim 

8. 

13. A composition according to any one of claims 9 to 
12 for qualitative and/or quantitative diagnostic de- 

40 termination of the kind of IFN-a or IFN-p subtypes 
in vivo or in vitro. 

14. A pharmaceutical composition formulated from a 
composition according to any one of claims 9 to 1 2 

45 and a pharmaceutical^ acceptable diluent, carrier 
and/or excipient, said pharmaceutical composition 
being for the inhibition, modulation or modification 
of the activities of IFN-a or IFN-P subtypes in vivo 
or in vitro. 

50 

1 5. The pharmaceutical composition according to claim 
14 for the treatment of patients having excess 
amounts of IFN-a and/or IFN-p as a result of receiv- 
ing large doses of said IFNs or as a result of excess 

55 endogenous production of said IFNs. 

16. Use of the IFNAR according to any one of claims 5 
to 1 2 for the preparation of a pharmaceutical com- 
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position which is useful for the inhibition, modulation 
or modification of IFN-a or IFN«p subtypes or the 
treatment of patients having excess amounts of 
IFN-cc and/or IFN-P as a result of receiving large 
doses of said IFNs or as a result of excess endog- 
enous production of said IFNs. 



9. Zusammensetzung enthaftend eine homogene, 
biologisch aktive, losliche, nicht-membrangebun- 
dene Form eines Sauger-IFNAR, umfassend als 
Wirkstoff eine Form des IFNAR nach einem der An- 
5 spruche 5 bis 8 und ein geeignetes Verdunnungs- 
mittel, einen Trager und/oder Exzipienten. 



Patentanspruche 

1 . DN A-Sequenz, codierend eine losliche, nicht-mem- 
brangebundene Form eines Sauger-lnterferon-a- 
Rezeptors (IFNAR), der die Aminosauresequenz 
der in Figur 7 gezeigten IFNAR-Form 1 Oder 2, bei 
denen SpleiBstellen deletiert sind, aufweist, Oder ei- 
ne Mutante oder ein aktives Fragment davon, wobei 
die Mutante Oder das aktive Fragment noch die 
Aminosaurereste 428 bis 434 der IFNAR-Form 1 
oder die Aminosaurereste 41 3 bis 496 der IFNAR- 
Form 2 umfassen und die biologische Aktivitat einer 
loslichen, nicht-membrangebundenen Form eines 
Sauger-IFNAR aufweisen. 

2. DNA-Sequenz, die fahig ist, mit der DNA-Sequenz 
nach Anspruch 1 unter moderat stringenten Bedin- 
gungen zu hybridisieren und die einen biologisch 
aktiven, loslichen, nicht-membrangebundenen IF- 
NAR codiert, der noch die Aminosaurereste 428 bis 
434 der IFNAR-Form 1 oder die Aminosaurereste 
413 bis 496 der IFNAR-Form 2 umfaBt. 



10. Zusammensetzung nach Anspruch 9 zur Hem- 
mung, Modulierung oder Modifizierung der Aktivita- 

10 ten von Interferon-!*- und/oder Interferon-a-Subty- 
pen in Zellen oder Gewebe. 

1 1 . Zusammensetzung nach Anspruch 10, die als Wirk- 
stoff die IFNAR-Form 1 nach Anspruch 7 enthalt. 

15 

12. Zusammensetzung nach Anspruch 1 0, die als Wirk- 
stoff die IFNAR-Form 2 nach Anspruch 8 enthalt. 

13. Zusammensetzung nach einem der Anspruche 9 
20 bis 12 zur qualitativen und/oder quantitativen dia- 

gnostischen Bestimmung der Art des Interferon-a- 
oder Interferon-p-Subtyps in vivo oder in vitro. 

14. Arzneimittel, hergestellt aus einer Zusammenset- 
25 zung nach einem der Anspruche 9 bis 1 2 und einem 

pharmazeutisch vertraglichen Verdunnungsmittel, 
einem Trager und/oder Exzipienten, wobei das Arz- 
neimittel zur Hemmung, Modulierung oder Modifi- 
zierung der Aktivitaten von Interferon-a- oder Inter- 
so feron-P-Subtypen in vivo oder in vitro dient. 



3. Rekombinanter Expressionsvektor, umfassend die 
DNA-Sequenz nach Anspruch 1 oder 2. 

4. Verfahren zur Herstellung einer loslichen, nicht- 
membrangebundenen Form eines Sauger-IFNAR, 
einer Mutante oder eines aktiven Fragments davon, 
umfassend die Zuchtung einer geeigneten Wirts- 
zelle, die einen Vektor nach Anspruch 3 umfaBt, un- 
ter Bedingungen, die die Expression unterstutzen. 

5. Losliche, nicht-membrangebundene, biologisch ak- 
tive Form eines Sauger-IFNAR, eine Mutante, ein 
Fusionsprotein, Salz, funktionelles Derivat oder ak- 
tives Fragment davon, das von der DNA nach An- 
spruch 1 oder 2 codiert wird. 

6. Form eines IFNAR nach Anpruch 5, die menschli- 
chen Ursprungs ist. 

7. Form eines IFNAR nach Anspruch 6, die die IFNAR- 
Form 1 ist, bei der SpleiBstellen deletiert sind und 
die ein Molekulargewicht von etwa 55 kd aufweist. 

8. Form eines I FNAR nach Anspruch 6, die die I FNAR- 
Form 2 ist, bei der SpleiBstellen deletiert sind und 
die ein Molekulargewicht von etwa 95 kd aufweist. 



1 5. Arzneimittel nach Anspruch 1 4 zur Behandlung von 
Patienten, die in Folge einer Verabreichung von ho- 
hen Dosen dieser Interferone oder in Folge einer 
ObermaBigen endogenen Produktion dieser Interfe- 
rone einen UberschuB an Interferon-a und/oder In- 
terferon^ aufweisen. 

1 6. Verwendung des IFNAR nach einem der AnsprOche 
5 bis 1 2 zur Herstellung eines Arzneimittels, das fur 
die Hemmung, Modulierung oder Modifizierung von 
Interferon-a- oder Interferon-p-Subtypen geeignet 
ist, oder fur die Behandlung von Patienten, die in 
Folge einer Verabreichung von hohen Dosen dieser 
Interferone oder in Folge einer ObermaBigen endo- 
genen Produktion dieser Interferone einen Uber- 
schuB an Interferon -a und/oder Interferon-p aufwei- 
sen. 



so 

Revendications 

1 . Sequence d'ADN codant une forme mammif ere, so- 
luble, non \\6e & une membrane, d'un r6cepteur d'in- 
55 terf6ron a (IFNAR) ayant la s6quence d'acides ami- 
n6sde la forme 1 ou 2 du IFNAR & deletion pardpis- 
sage, representee sur la Figure 7, ou d'une mut6ine 
' ou d'une fraction active de celle-ci, dans laquelle 
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ladite muteine ou fraction active comprend toujours 
les residus d'acides amines 428 a 434 de la forme 

1 du IFNAR ou les r6sidus d'acides amines 413 a 
496 de la forme 2 du IFNAR et presente I'activite 
biologique d'une forme mammifere, soluble, non s 
liee a une membrane, d'un IFNAR. 

2. Sequence d'ADN capable de s'hybrider a la se- 
quence d'ADN selon la revendication 1 dans des 
conditions moderement stringentes et qui code un 10 
IFNAR biologiquement actif, soluble, non lie a une 
membrane, comprenant toujours les residus d'aci- 
des amines 428 a 434 de la forme 1 du IFNAR ou 

les residus d'acides amines 413 a 496 de la forme 

2 du IFNAR. '5 

3. Vecteur d'expression de recombinaison compre- 
nant la sequence d'ADN selon la revendication 1 ou 
2. 

20 

4. Precede pour preparer une forme mammifere, so- 
luble, non liee a une membrane, d'un IFNAR ou 
d'une muteine ou fraction active de celui-ci, com- 
prenant la mise en culture d'une cellule h6te con- 
venable comprenant un vecteur selon la revendica- 25 
tion 3 dans des conditions favorisant I'expression. 

5. Forme mammifere, soluble, non liee a une membra- 
ne, biologiquement active, d'un IFNAR, ou d'une 
muteine, d'une proteine de fusion, d'un sel, d'un de- 30 
rive fonctionnel ou d'une fraction active de celui-ci, 
codee par I'ADN de la revendication 1 ou 2. 

6. Forme d'un IFNAR selon la revendication 5, qui est 
d'origine humaine. 3$ 

7. Forme d'un IFNAR selon la revendication 6, qui est 
la forme 1 du IFNAR a deletion par epissage ayant 
un poids moleculaire d'environ 55 kd. 

40 

8. Forme d'un IFNAR selon la revendication 6, qui est 
la forme 2 du IFNAR a deletion par epissage ayant 
un poids moleculaire d'environ 95 kd. 

9. Composition d'une forme de IFNAR homogene, 
biologiquement active, mammifere, soluble, non 
liee a une membrane, comprenant, a titre d'ingre- 
dient actif, une forme de IFNAR selon I'une quel- 
conque des revendications 5 a 8 et un diluant, un 
vehicule et/ou un excipient convenables. so 

10. Composition selon la revendication 9 pour inhiber, 
moduler ou modifier les activites de sous-types de 
IFN-p et/ou IFN-a dans des cellules ou un tissus. 

55 

11. Composition selon la revendication 10, quicontient, 
a titre d'ingredient actif, la forme 1 de IFNAR de la 
revendication 7. 
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1 2. Composition selon la revendication 1 0, qui contient, 
a titre d'ingredient actif, la forme 2 de IFNAR de la 
revendication 8. 

13. Composition selon I'une quelconque des revendi- 
cations 9 a 12, pour la determination diagnostique 
qualitative et/ou quantitative du genre des sous-ty- 
pes de IFN-a ou IFN-P in vivo ou in vitro. 

14. Composition pharmaceutique formulee a partir 
d'une composition selon I'une quelconque des re- 
vendications 9 a 1 2 et d'un diluant, d'un vehicule et/ 
ou d'un excipient acceptables en pharmacie, ladite 
composition pharmaceutique etant destinee a ('in- 
hibition, la modulation ou la modification des activi- 
tes de sous-types de IFN-a ou IFN-P in vivo ou in 
vitro. 

15. Composition pharmaceutique selon la revendica- 
tion 14 pour le traitement de patients ayant des 
quantites excessives de IFN-a et/ou IFN-p en con- 
sequence d'avoir recu de fortes doses desdits I FN 
ou en consequence d'une production endogene ex- 
cessive desdits IFN. 

16. Utilisation du IFNAR selon I'une quelconque des re- 
vendications 5 a 12 pour la preparation d'une com- 
position pharmaceutique qui est utile pour I'lnhibi- 
tion, la modulation ou la modification de sous-types 
de IFN-a ou IFN-p ou pour le traitement de patients 
ayant des quantites excessives de IFN-a et/ou IFN- 
P en consequence d'avoir regu de fortes doses des- 
dits IFN ou en consequence d'une production en- 
dogene excessive desdits IFN. 
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cDNAs ENCODING SOLUBLE FORMS OF IFN a-RECEPTOR (2,3) 
COMPARED TO TRANSMEMBRANE FORM (1) 



1. 



EC 



EC 



TM IC 




-AA 



-AA 



1361/1519 



3. - 



EC" IC' 

1752 

1317/ 1342 1359/1*19 



-AA 



/V 



EC = extracellular domain s „ so|ub|e domoin 

IC = intracytoplasmatic domain EC .. „ end _ deleted EC domains 

TM = transmembrane region 



FIGURE 1 
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TRANSMEMBRANE. FN RECEPTOR cDNA FORM 

1362 deleted 1518 



EC 



1200 



1300 



TM 



1iO0 



PRIMERS: 1 2 

SOLUBLE IFN RECEPTOR cDNA FORM 1 



EC 

1200 1300 



1361/1519 
S 



TQA 



PRIMERS: 1 



2 4 



1500 



IC 

1600 1700 TQA 1800 

i i i i 



3 4 



1400 1500 

I — 4 — I — V 



1270-1290 (EcoRI) 
1331-1342 (EcoRI) 
1498-1515 
1522-1542 
1733-1752 (BcmHl) 



1600 1700 

t 1 1 1 f 



1600 

*ix*3t: 



FIGURE 2 
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PCR PRODUCTS FROM IFN cr-RECEFTOR cDNA 



U266 U266 U266 




FIGURE 3 
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aUraNBTIVELY SPLICED 3JN tt-RfcJL£FTUR ET3KM.1 
NUCLEOTIDE SEQUENCE OF PCR CLONED FRAGMENT 



CTG AAT AAA AGC 



1350 1380 
primer 1331-1342 exon IX |excn x 

ACT GTT TTT ACT GAC GCT GTA TGT GAG AAA ACA AAA CCA GGA AAT ACC 



GC ACT GIT TIT ACT GAC GCT GTA TGT GAG AA 
region 1410 



1440 



TCT AAA ATT TOG CTT ATA GTT GGA ATT TGT ATT GCA TTA TTT GCT CTC COG TTT GIC ATT 



1470 

TAT GCT GOG AAA CTC TIC TTG AGA TGC ATC AAT TAT GIC TIC TTT OCA TCA CTT 



pr. 1498-1515 
TCT TOC ACT ATA 



1530 

exon X | exon XI primer 1522-1542 

GAT GAG TAT TTC TCT GAA CAG OCA TTG AAG AAT CTT CTG CTT 



TAT TIC TCT GAA CAG OCA TTG AAG AAT CTT CTG CTT 
1590- 

primer 1601-1619 

ATC GAA AAA TGT TTC ATA ATT GAA AAT ATA AGC ACA ATT GCT 



1500 
AAA OCT 

1560 

TCA ACT 

TCA ACT 

1620 

ACA GTA. 



TCT GAG GAA CAA 

TCT GAG GAA CAA ATC GAA AAA TCT TTC ATA ATT GAA AAT ATA AGC ACA ATT GCT ACA GTA 



In each block : First line: txansmentaranal cDNA (numbered, primers are underlined, 
TM. domain is overlined). Second line: splioed-deleted cDNA farm 1 



AMINOACID SEQUENCE OF SPLICED-DEEETED IfK-a-RBCEPTOR FORM 1 
Transmembranal farm 



(extracellular) exon DC 
(#427) 431aa 
CYS GUJ lys thr lys pro 
TCT GAG AAa aca aaa oca g 
I 

1361 



exon X 
5aa (21 aa} 23aa 
gly. - { TM }. .asp glu 
ga...{ }..gat gag 



exon XI (intracytoplasmic) 
77aa 

tyr phe ser glu gin pro leu lys. 
TAT TIC TCT GAA CAG CCA TTG AAG. 
I 



1519 



IT 

. . .TGT GAG AAT ATT TCT CTG AAC AGC CAT TGA. 
. . .CXS GIIJ ASN ILE SER LEU ASN SER HIS * 
#427 



Spll rati -deleted IFN a-receptor cDNA form 1 



FIGURE 4 
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TRANS MEM BRANAL FN RECEPTOR cONA FORM 



1318 134 1 



\delet/ {Z60 — de!eted — 1518 



EC 

1200 1300 



TM 



1400 



1500 



IC 

1600 1700 TQA 1600 

i i i i 



PRIMERS: 1. 2 

SOLUBLE IFN RECEPTOR cDNA FORM 2 
1317/1342 1359/1519 



3 4 



EC" 

1200 1300 



S3 



IC 



1400 



1500 TQA 1600 



PRIMERS: 1 



1270-1290 (EcoRI) 
1331-1342 (EcoRI) 
1498-1515 
1522-1542 
1733-1752 (BomHI) 



1700 1800 



FIGURES 
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ALTERNATIVELY SPLICED IFN ct-RECfcPlUK FORM 2 
Sequpnnp of PCR cloned fragment 

1290 1320 
gctc ga att primer 1270-1290 — Nool— 

AAT TIG AAA OCA CIG ACT GTA TAT TGT GIG AAA GCC AGA GCA CAC ACC ATG GAT GAA AAG 

OCA CIG ACT GTA TAT TGT GTC AAA GCC AGA GCA CAC ACC ATC GAT GAA 
PRO L£U THR VAL TYR CVS VAL LYS ALA ARG ALA HIS THR MET ASP GULJ 

1350 1380 
acgtgaatte primer 1331-1342 exon IX |exon X 

CIG AAT AAA AQC AGT GTT TTT ACT GAC GOT GTA TGT GAG AAA ACA AAA OCA GGA AAT ACC 

AGT GAC GCT GTA TGT GAG 
SER ASP ALA VAL CYS GLU" 

Trananembrane region 1410 1440 

TCT AAA ATT TOG CTT ATA GIT GGA ATT TGT ATT GCA TEA TIT GCT CIC COG TTT GTC ATT 

1470 1500 

TAT GCT GOG AAA GTC TIC TIG AGA TGC ATC AAT TAT GTC TTC TTT CCA TCA CTT AAA OCT 

1530 1560 
par. 1498-1515 exon X | exon XI primer 1522-1542 

■ TCT TOC AGT ATA GAT GAG TAT TTC TCT GAA CAG OCA TIG AAG AAT CTT CIG CTT TCA ACT 

TAT TTC TCT GAA CAG OCA TTC AAG AAT CTT CTG CTT TCA ACT 
TYR PHE SER GLU GLN TO I£U LYS ASN LEU L£U IHJ SER THR 

1590 1620 
primer 1601-1619 

TCT GAG GAA CAA ATC GAA AAA TGT TTC ATA ATT GAA AAT ATA AGC ACA ATT GCT ACA GTA , 

TCT GAG GAA CAA ATC GAA AAA TGT TTC ATA ATT GAA AAT ATA AGC ACA ATT GCT ACA GTA. 
SER GLU GLU GIN ILE GLU LYS CYS ME ILE H£ GIZJ ASN ILE SER THR II£ ALA TOR VAL. 

In each block ; 

First line: transmembranal cDNA (numbered, primers are underlined 

TM domain is over lined) 
Second line: spliced-deleted cDNA form 2 
Third line: aminoacid sequence of form 2 



FIGURE 6 
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Transmentbraiial IFN a -Receptor farm 

NWWIJJGATTLVL^ 60 

FSFIJYGKTG^OWIKIS^ 120 

TP* HKAQIGPPhVHI£AEI}KAIVIHT K^rKDSVMMAT DGT b TYSLLTOKhSSGVEERI 180 

EhOTSRHIOYKISFETITCIiCV^ 240 

NC^JYVLWWD¥TY&^^ 300 
GIYIIiMJASIXa^iNISFW^h.K I Ki- U1'J^QAFLIJ 3 PVF>?IRST ra^HTTCGAPKOS^Tre 360 

VIUUYFJjnfEIIFVEOT 420 

PSDA\A3KIKK^rS K^^ 480 

Yir SfcUHiJCm.T TKl'Sfc^a^ 540 

EDESE5KTSEEDQQDFV 557 



Splice del et ed IFN a-Receptor form 1 (truncated) 

mWLLGMTLVLV^^ 60 

FSFDYQECIt^O^lWIKI^GOO^ 120 

TFFRKAQIGFFEVHI£3\E^^ 180 

EOTySRHKIYKLSFETTYC 240 

NQTm^KWDYTYA^^ 300 

GIYIJLRVOASIX^Q^ISFWSEEI^ 360 

VIC23YPU^EIIFVe^ISNAEE^ 420 

FSDAVCENISLNSH 434 



Splioe deleted IFN g-Receptar form 2 (with IC domain) 

fWVL LG^m^ 60 

FSFIWQKraCNWIKLSG^ 120 

TPFRKAQIGPPEVHLEAEDK^IVOT 180 

ENIYSRHKTYKISPETIYCXKVKAALLTSWra 240 

NO^YVLKWEJmTWOTQ^ 300 

GIYIJJ*VQASIX3WISFW^ 360 

VIQDYPLIYEIIP^^ 420 

i»bUJPlJ<Nr,T,Tttl^^ 480 

DESESKTSEELQQ9DFV 496 



FIGURE 7 
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94 K- 
68 K- 

45 KH 



McAS #1 



U266 S | U266 R 



McAS f2 



U266* |U266 
TOT Orr MEM QT MEM MEM CYTTOT CTT MEN 
1 | 2 | 3 | 4 | 5 | 6 1 7 | 8 | 9 | 10 



t 




FIGURE 8 
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